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(54) Motor drive with programmable funtion switches. 

(57) Drive apparatus (10) for a dynamoelectric 
machine (M) for installation in an appliance (A) 
to provide a wide range of programmable feat- 
ures. In the preferred embodiment, the drive 
apparatus includes a machine drive (12) opera- 
lively connected to the dynamoelectric 
machine. The machine drive includes* a micro- 
controller (14) having as a first and program 
memory (16) a ROM (read only memory) defin- 
ing a processor module (13) for controlling 
machine operation during different appliance 
operating conditions, and as a second and data 
memory (18) an EEPROM (electrically erasable 
programmable read only memory) for storing 
machine and system operating characteristic 
information. Multi-position switches (SW1- 
SWN) are connected to the processor module. 
The switch functions are determined by a prog- 
ram stored in the program memory as further 
developed by data stored in the data memory. 
The switch settings, in combination with the 
program control, establish operating character- 
istics for the system. This allows an appliance 
manufacturer, for example, to select one set of 
functions or operating characteristics for the 
machine, and the valve of the function selected 
by making one switch setting, while another 
different set of functions or operating charac- 
teristics, and other, independent function valves 
are provided by making a different switch set- 
ting, or by a data memory change for the selec- 
ted switch setting. The characteristics defined ! 
by the switches can be changed by changing t m 
the data in the data memory. 
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Background of the Invention 

This invention relates to dynamoelectric ma- 
chines in the form of electric motors, and more par- 
ticularly, to a simple, effective way of controlling op- • 
eration of a motor when used by different manufac- J 
I turers for different purposes. While the invention is i 
} \ described in particular detail with respect to its appli- * 
1 cation in appliances, those skilled in the art will rec- 
ognize the wider applicability of the inventive princi- 
ples described hereinafter. 

As is well-known in the art, electric motors are de- 
signed so that a particular motor has a different set 
of operating characteristics for one application, and 
another set of operating characteristics for other ap- 
plications. Heretofore, motors were designed and 
tested with respect to a specific application until the 
operating criteria met desired goals. For example, 
with heating and air conditioning systems (H VAC), it 
is common to employ a motor to drive the blower for 
the HVAC system. The motor design can vary de- 
pending upon a number of anticipated load character- 
istics. The toad characteristics, in turn, are a function 
of a number of variables, including the type of air han- 
dler used with a motor, and can vary from one man- 
ufacturer to another. The problem is further compli- 
cated because of the variety of electric motor "types" 
available for use in HVAC applications. For example, 
induction motors long have been the predominant ■ 
choice in blower applications. More recently, brush- 
less permanent magnet, switched reluctance, con- 
trolled induction, and similar electronically operated 
motors have found use in such applications. 

While a motor design for a blower application has 
a general set of operating features, each manufactur- 
er incorporating a similar motor in its product wants 
or requires a different set of operating characteristics, ' 
; because of that particular manufacturer's construc- 
tion or the manufacturer's perception of his custom- 
. er's needs. Even a single manufacturer often pro- 
vides a series of models having varying capabilities. 
As a consequence, motor manufacturers heretofore 
have provided a number of different models of essen- 
tially the same motor design altered to accomplish the 
specific needs either of a particular original equip- 
ment manufacturer's (OEM) customer's require- 
ments or. to satisfy the needs of the various OEM 
manufacturers. The large number of motor models, in 
turn, creates a problem for the motor manufacturer. 
Parts inventory and overhead costs increase with in- 
creased part numbers. Even when such costs are 
minimized, however, the 'motor manufacturer's as- 
sembly line often requires shut down in order to con- 
vert from one model to another model, thereby^in- 
creasing labor costs. 

The OEM manufacturer also incurs increased 
costs because the OEM must stock and track a vari- 
ety of motors for its various product lines. 



It thus is seen that a motor manufacturer can re- 
duce costs if the manufacturer had the ability to pro- 
duce one version of a motor for a particular applica- 
tion, the motor being readily adapted after manufac- 

5 ture. for each different OEM's particular set of oper- 
ating requirements. It also is advantageous to enable 
a particular motor to be used across a range of mod- 

*~ els for a particular OEM, based on function and per- 
formance of any particular model. Another advantage 

10 of our invention is that the OEM manufacturer is able 
to supply motors to fit new applications more quickly. 

One of the objects of this invention is to provide 
a drive apparatus for a dynamoelectric machine. 
Another object of this invention is to provide a 

15 drive apparatus for a dynamoelectric machine which 
enables essentially the same dynamoelectric ma- 
chine construction to be used in a variety of versions 
of an appliance. 

Another object of this invention is to provide a 

20 drive apparatus which is adaptable after manufacture 
-to a variety of usages. 

Another object of this invention is to provide a mo- 
tor drive incorporating a microcontroller which has a 
set of parameters or an operating program sequence 

25 for the motor stored in it, a secbnd memory having a 
series of data stored in association with it, and 
switches operatively connected to the microcontroller 
to enable the microcontroller to select the appropriate 
data for operation of the motor. 

30 Another object of this invention is to provide a 

drive means with an associated motor capable of use 
over both a wide range of manufacturers and over a 
range of products of a single manufacturer. 

Another object of this invention is to provide a 

35 drive which is designed to operate an electric motor 
satisfactorily under a wide range of selectable condi- 
tions. 

Another object of this invention is to provide a 
drive apparatus which reduces inventory control 
40 problems for both the motor manufacturer and the 
original equipment manufacturer. 

Another object of this invention is to provide a mo- 
tor drive which is low in cost and which is readily as- 
sociated with the motor structure. 
45 Still another object of the invention is to provide 

a motor and motor drive in which operative character- 
istics of the motor can be changed without the use of 
special tools or equipment. 

Other objects of this invention will be apparent to 
50 those skilled in the art in light of the following descrip- 
tion and accompanying drawings. 

Summary of the Invention 

55 In accordance with this invention, generally stat- 

ed, a drive apparatus for use with an electric motor is 
provided having a low cost microcontroller adapted to 
operate a motor drive. The motor drive is operativefy 
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connected to the electric motor to control at least one 
of the current or voltage of the motor. The microcon- 
troller supplies control information to the drive. In the 
preferred embodiment, the microcontroller includes a 
program module in the form of a ROM for controlling 
motor operation. A second and nonvolatile memory 
module in the form of an EEPROM is provided for stor- 
ing motor operating characteristic information, the' in- 
formation being accessible by the microcontroller. 
Multi-position switches are connected to the proces- 
sor module. The data in the second memory module 
determines the function of the switches. Data in the 
second memory module also determines the operat- 
ing condition (values, parameters) of the drive appa- 
ratus. A separate programming device is used to 
download data to the microcontroller and to the sec- 
ond memory module. A plurality of switches, for ex- 
ample, are selectable by an installer of the motor, and 
the switch settings determine which functions the 
program module executes and how the program mod- 
ule uses the data stored in the second memory mod- 
ule. With this arrangement, one motor design may be 
used for one set of operating characteristics of the 
motor, while a second set of operating conditions may 
be obtained merely by changing the switch settings, 
j In the alternative, data may later be loaded to the non- 
* volatile memory which alters jthe information select- 
! able by the switches and the program flow thereby al- 
] ters the operating characteristics of the motor. 

Brief Description of the Drawings 

Fig. 1 is a block diagram of one illustrated em- 
bodiment of drive apparatus of the present inven- 
tion; and ' ' 

Fig. 2 is a view of selection switches used in con- 
junction with the drive apparatus of Fig. 1 to se- 
lect motor operational data. 
Corresponding reference characters indicate cor- 
responding parts throughout the drawings. 

Description of a Preferred Embodiment 



Referring now to Fig. 1. a dynamoelectric ma- 
chine M is operatively associated with an appliance A. 
As indicated above, appliance A may be any of a va- 
riety of conventionally available devices taking the 
form, for example, of furnace blowers, compressor 
motors, washing machines, dryers, and other similar 
related applications. The motor M also is intended to 
be any of a variety of known constructions. For exam- 
ple, the motor may be a brushless permanent magnet, 
switched reluctance motor or controlled induction mo- 
tor. Each of these motor types differ primarily tn the 
construction of their rotors. Thus, the controlled in- 
duction motor employs what is known in the art as a 
squirrel cage induction motor rotor, while a switched 
reluctance motor employs an iron core' rotor "which 



may have a special configuration but is constructed 
without the rotor bars of the squirrel cage design. The 
brushless permanent magnet motor has permanent 
magnets associated with the rotor. The stator asserrv . ; 
5 blies of any of the motors generally are conventional 
designs, although the windings of the stator assembly 
often are specifically designed to enhance the perfor- 
manee characteristics of each of tha motor ty pes^ ^ 
As will be appreciated by those skilled in the art, 
10 there are a number of original equipment manufactur- 
ers of appliance products. Each manufacturer's spe- 
cific products differ in design and capability from 
those of other manufacturers. In addition, each OEM 
often has a range of products offering differing capa- 
15 bilities in its particular product line. Thus, even 
though a particular motor M is of a standard design 
well suited for use in a particular appliance A. a motor 
manufacturer may be required to make the motor M 
in a number of different models to satisfy market re- 
20 quirements. 

A drive apparatus 10 of the present invention al- 
lows a motor manufacturer to make a single model of ff 
a motor M, but still enables an OEM t o tailo r the drive M 
apparatus to a variety of applicational uses. The ap- j| 
25 paratus 10 further allows each OEM to install the mo- 
tor M in a product having a set of operating charac- 
teristics unique to that manufacturer. Thereafter, the 
drive apparatus 10 may be adjusted to provide proper 
operating performance in the particular application. 
30 Apparatus 10 includes a drive means 12 opera- 

tively associated with the motor M. The drive means 
1 2 is, in the preferred embodiment, a conventional in- 
verter bridge circuit operatively connected to the sta- 
tor assembly of motor M. The inverter bridge operates 
35 to control at least one of the current or voltage of mo- 
tor M. That is. the drive means 12 includes a plurality 
of power switching devices S. as represented by pow- 
. er transistors, for example, for controlling current flow 
through the motor phase windings (not shown). The 
40 drive means 1 2 controls the motor so that it operates 
at any one of a particularly selected condition. The 
selected condition depends on a variety of application 
characteristics, as described in greater detail herein- 
after. In this regard, the drive means 12 is responsive 
45 to control inputs provided to it to vary at least the cur- 
rent or the voltage input to the motor M. At the same 
time, the drive means provides information concern- 
ing the instantaneous operating conditions of the mo- 
tor to a microcontroller 14 through a suitable interface 
50 40. 

A processing means 13 of apparatus 10 supplies 
~ motor control information to drive means 1 2. Process- _ 
ing means 13 includes the microcontroller 14. The mi- 
crocontroller 14 has a first memory means associat- 
55 ed with it in the form of a read only memory (ROM) 
module 16. Module 16 includes a fixed program which 
is inscribed in it during its manufacture. The program 
allows microcontrollers to control operation of mo* 
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tor M under various appliance operating conditions. 
The microcontroller 14 also has associated with it a 
second nonvolatile memory means in the form of an 
electrically erasable programmable read only mem- 
ory (EEPROM) 18. The memory module 18 has data 5 
stored in it used to control operation of motor M. As 
indicated, EEPROM 18 is a nonvolatile memory, so 
that motor operating characteristic information stored 
therein is not lost when power is removed from the ap- 
paratus A. While EEPROM 1 8 is shown as a separate 10 
block in Fig. 1, those skilled in the art will recognize 
that a single integrated circuit may include what is 
shown separately in the drawings as microcontroller 
14. ROM 16 and EEPROM 18. 

Microcontroller 14 has an input 30. The input 30 15 
preferably is connected to an external device through 
an opto-coupler 31 . Microcontroller 14 also has a plur- 
ality of switches 20, operatively connected to it 
through input lines or ports. In the embodiment illu- 
strated, the switches are manually operable multi- 20 
position switches SW1-SWN. The .switches are 
shown as eight position manually operable rotary 
switches in Fig. 2. It will be understood, however, that 
the switches may have any reasonable number of 
switch positions. Also, the various switches need not 25 
have the same number of positions as each of the 
other switches; and, various other types of switch 
constructions are compatible with the broader as- 
pects of our invention. For the three, eight position 
switches SW1-SW3 shown in FIG. 2. there are 512 30 
(8x8x8) possible switch settings which an installer or 
user of the motor can select. 

A programming device 22, which can be a general 
purpose computer or a special use device, for exam- 
ple, is operatively connected through the opto- 35 
coupler 31 to the input 30 of the microcontroller 14. 
The programmer 22 is utilized to download appropri- 
ate data through the microcontroller to the EEPROM 
1 8. The programmer 22 allows the motor manufactur- ; 
er or OEM both to download appropriate information 40 
at the time of manufacture, and to update that infor- : 
mation at a later time. If. for example, a new applica- ■ 
tion is found for the motor, information relevant to that 
use can be loaded into the memory 18 as each new 
unit is constructed. Fabrication of a new memory chip 45 
is not required. Similarly, if previous motor operating 
data is refined, the memory in existing units is readily 
updated without having to recall or retrofit existing . 
units. 

As indicated, the programmer 22 is removably 50 
connected to drive apparatus 10. In applicational use, 
a system master control may be connected to the in- 
put 30. For example, in HVAC systems, it is conven- 
tional for a thermostat and thermostat wires to be con- 
nected to the blower motor control. Such wires would.; 55 
with our invention, instead be connected to the micro^ 
controller 14 through suitable input means. 

The switches 20 are used to select relevant por- " 
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tions of the data contained in the memories 1 6 and 1 8. 
For example, the switch position may represent fan 
blower constants employed in the control algorithm 
for an HVAC system. The start delay for application - 
for the furnace blower, i.e., the time between the en- 
ergization of the heat element of the furnace, for ex- 
ample, and blower start up also can be indicated by 
switch position. Likewise, the stop delay, that is, the 
time between de-energization of a heating element, 
for example, and motor speed reduction, because of 
the heater turn-off, also may be selected by a switch 
position. Various commands representing desired air 
flow also can be represented by the switch positions. 
As will be appreciated by those skilled in the art, in- 
dividual ones of the switch positions need not affect 
the variable selected by another of the switch posi- 
tions. Thus, our invention allows considerable varia- 
tion in function selections in determining system op- 
eration. 

In operation, the microcontroller 14 reads switch 
20 and the information set by the switches to obtain 
data for motor M operation. The microcontroller 14 
also reads the commands from a system master con- 
troller 35, and utilizing the information available from 
the system master controller and the switches, ac- 
cesses the data in the memory 18 to operate motor 
M. The ability to use the switch readings to access 
data in the memories, 16 and. 18, in which the data in 
memory 18 may be altered after apparatus construc- 
tion, is an important feature of our invention in that it,, 
enables a motor manufacturer to utilize a single motor ' 
model in a wide variety of applicational uses merely * 
by altering the switch position of the switches 20. The 
use cf rhe switches 20 enables one user of the motor 
M to select one set of operating characteristics for the 
motor by making one switch setting, while a second 
user can, by altering the switch selection position, en-, 
able the microcontroller 14 to access other operating 
data information in the memories 16 and 18. The ap- 
paratus, and the electric motor M applied to the ap- 
paratus, is usable in different versions or models of 
the same appliance, and enables the appliance man- 
ufacturer to offer a unique set of operating character- 
istics for each such use. The ability of the control of 
this invention to read the switch 20 position and as- 
sociate that position with data downloadable to a non- 
volatile memory- enables motors produced in accor- 
dance with this invention to offer a range of pro- 
grammability and functionality not heretofore associ- 
ated with motor designs. This result is achieved at rel- 
atively low cost. 

In view of the foregoing, it will be seen that the 
several objects of the invention are achieved and 
other advantageous results are obtained. Numerous 
variations, within the scope of the invention, will be 
apparent to those skilled in the art in light of the fore- 
going description and accompanying drawings. Mere- 
ly by way of example, the apparatus may be pack- 
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aged with the motor itself, or may form a separate unit 
operatively connected to the motor in application use. 
As indicated, the various memories associated with 
the microcontroller 14 may be incorporated in an in- 
tegrated design, or the memories may be separate 5 
units associated with the microcontroller 14 in a con- 
ventional manner. Other memory devices may be em- 
ployed. While preferably the program for operation of 
the microcontroller was described as being loaded 
during ROM manufacture, both the program and data 10 
for that program may be downloaded by the program- 
mer in other embodiments of the invention. These va- 
riations are merely illustrative. 



Claims 

1. Drive apparatus for use with a dynamoelectric 
machine comprising: 

drive means connected to the dynamo- 20 
electric machine to control at least one of the cur- 
. rent or voltage of the machine; 

processor means for supplying machine 
control information to the drive means, said proc- J 
essor means including first memory means, pro- 25 
gram means in said first memory means, second 
memory means, and operating characteristic in- 
formation in either memory means; and 

switch means connected to said process- 
ing means, settings of said switch means select- 30 
ing operational characteristic information from 
either memory means. 

2. The drive apparatus of claim 1 wherein said proc- 
essing means includes a microcontroller. 35 

3. The drive apparatus of claim 2 wherein said pro- 
gram means includes a read-only-memory in 
which is contained an operating program for run- 
ning the machine. *o 

4. The drive apparatus of claim 1 wherein the sec- 
ond memory means includes a non-volatile mem- 
ory. 

45 

5. The drive apparatus of claim 2 further including 
signal means for transferring instructions from 
the microcontroller to the drive means, and sig- 
nals from the drive means to the microcontroller. 

50 

6. The drive apparatus of claim 5 further including 
interface means connected between the micro- 
controller and the drive means, the interface 
means effecting communication flow between 

the microcontroller and the drive means while al- 55 
lowing them to be physically separated. 

7. The drive apparatus of claim 2 wherein said 




switch means comprises a plurality of indepen- 
dently settable. multi-position switches opera- 
tively connected to said microcontroller, the set- 
tings of said switches being selectable to deter- 
mine the operating characteristics of the motor. 

8. The drive apparatus of claim 7 wherein said 
switch means includes at least three switches 
each of which has at least eight positions, where- 
by there are five hundred twelve different ma- 
chine control combinations selectable by the 
user. 

to 

9. The drive apparatus of claim 1 further including j 
programming means removably attachable to j; 
said microcontroller for load ing machine data into 
said memory means. 

10. Drive apparatus for use with an electric motor in- 
tended for installation in an appliance, compris- 
ing: 

motor drive means connected to the elec- 
triG motor to control at least one of the current and 
voltage of the motor; " ~* * 

microcontroller means for supplying ma- 
chine control information to the drive means, said 
microcontroller means including program means 
for controlling motor operation during different 
operating conditions of the appliance in which the 
motor is used, and memory means for storing mo- 
tor operating characteristic information and for 
providing said information to said program 
means; and, 

multi-position switch means connected to 
said processing means and settable by an instal- 
ler of the motor in the appliance, said switch 
means setting controlling the portion of the oper- 
ating characteristics stored in said memory . 
means provided to said program means whereby 
one motor user can select one set of operating 
characteristics for the motor by making one 
switch means setting, and another user can se- 
lect a different set of operating characteristics by 
making another and separate switch means set- 
ting. 

11. - The drive apparatusof claim 10 wherein said pro- 

gram means includes a read-only-memory in 
which is contained an operating program for run- 
ning the motor, and the memory means includes 
a non-volatile memory. 

12. The drive apparatus of claim 10 further including 
interface means connected between the micro- 
controller means and the drive means for trans- 
ferring control signals and motor operating infor- 
mation between the microcontroller means and 
the drive means, the interface means effecting 
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communication flow between the microcontroller 
means and drive means while allowing them to be 
physically separated. 

13. The drive apparatus of claim 10 wherein said 5 
switch means includes at least three switches 
each of which has at least eight positions, where- 
by there are five hundred twelve different motor 
control combinations which are selectable by the 
user. w 

14. The apparatus of claim 10 further including pro- 
gramming means removably attachable to said 
microcontroller means for loading machine data 

into said memory means. 15 

15. A method of controlling operation of a dynamo- 
electric machine such as an electric motor used 
in an appliance comprising: 

installing the motor in an appliance; 20 
connecting a motor drive means to the mo- 
tor to control at least one of the current and vol- 
tage applied to the motor; 

supplying control information to the drive 
means from a microcontroller, said microcontrol- 25 
ler including program means for controlling motor 
operation during different appliance operating 
conditions, and memory means for storing motor 
operating characteristic information and for pro- 
viding said information to said program means; 30 
and, 

setting the position of a multi-position 
switch means, said switch means setting control- 
ling the operating characteristics stored in said 
memory means'provided to said program means. 35 



formation to the drive means, said processing 
means including means for controlling operation 
of the dynamoetectric machine under various ap- 
pliance operating conditions, and memory 
means for storing dynamoelectric machine oper- 
ating characteristics information and for provid- 
ing such information to controlling means; and 

switch means connected to said process- 
ing means, said switch means selecting the op- 
erating characteristics stored in said memory 
means. 

1 9. The drive apparatus of claim 1 8 wherein the proc- 
essing means includes a microcontroller and the 
memory means includes a first memory means in 
which is stored a program for operating the ma- 
chine under different conditions and a second 
memory means for storing machine related data 
usable during execution of the program by the mi- 
crocontroller. 

20. The drive apparatus of claims 19 further includ- 
ing means for programming the memory means 
with machine related data. 



16. The method of claim 15 wherein said switch 
means includes at least three switches each of 
which has at least eight positions, and setting the 
position of the switch means includes setting the 40 
position of each switch, whereby there are five 
hundred twelve different motor control combina- 
tions which are selectable by the user. 

17. The method of claim 15 further including down 45 
loading data to the memory means by removably 
attaching a programming means to drive appara- 
tus means and loading data into said memory 
means. 

50 

18. A drive apparatus for controlling a dynamoelec- 
tric machine having a stator assembly and a rotor 
assembly for use in an appliance, comprising: 

drive means operatively connected to'the . 
stator assembly for controlling at least one of the 55 
voltage and current applied to said stator assem- 
bly: 

processing means for supplying control in- 
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(54) Motor drive with programmable funtion switches 

(57) Drive apparatus (10) for a dynamoelectric ma- 
chine (M) for installation in an appliance (A) to provide 
a wide range of programmable features. In the preferred 
embodiment, the drive apparatus includes a machine 
drive (12) operatively connected to the dynamoelectric 
machine. The machine drive includes a microcontroller 
(14) having as a first and program memory (16) a ROM 
(read only memory) defining a processor module (13) 
for controlling machine operation during different appli- 
ance operating conditions, and as a second and data 
memory (1S) an EEPROM (electrically erasable pro- 
grammable read only memory) for storing machine and 
system operating characteristic information. Multi-posi- 
tion switches (SW1 -SWN) are connected to the proces- 
sor module. The switch functions are determined by a 
program stored in the program memory as further de- 
veloped by data stored in the data memory. The switch 
settings, in combination with the program control, estab- 
lish operating characteristics for the system. This allows 
an appliance manufacturer, for example, to select one 
set of functions or operating characteristics for the ma- 
chine, and the valve of the function selected by making 
one switch setting, while another different set of func- 
tions or operating characteristics, and other independ- 
ent function valves are provided by making a different 
switch setting, or by a data memory change for the; se- 
lected switch setting. The characteristics defined by the 
switches can be changed by changing the data in the 
data memory. 
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